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ABSTRACT 
Portability in devices is ever increasing as the technology nowadays is moving 
forward to be in line with human lifestyles which prefer multitasking in daily 
routine. As the portable devices are consuming battery as a main source of 
electricity, battery with long lasting performance is preferable. Battery contains 
heavy metals such as mercury, lead, nickel, zinc and manganese which are 
hazardous to enviroument and humankind. Battery with short runtime will need 
for a frequent replacement which leads to more heavy metals waste. Eventually, a 
new industrial revolution of nanotechnology has a great impact on the 
development of ultracapacitor. Ultracapacitor has been an interest in electrical and 
electronic field as its capability has an obvious improvement which can contribute 
for further development of electrical devices. Therefore, The objective of this 
project is to study the effects of ultracapacitor on the battery performance in terms 
of its ability to sustain voltage of the battery over time and provide enough current 
to the load for a longer time Throughout this project, the circuit of standalone 
battery, battery in parallel with ultracapacitor and battery in series with 
ultracapacitor are tested. Ultracapacitors used with the capacitance of 0.5F, l.OF, 
1.5F and 2.0F give the different voltage and current at the load over time. The 
results in this project will be a comparison of graph of voltage and current for 
each circuit arrangement over the time. In conclusion, ultracapacitor with the 
capacitance 0.5F connected in parallel with battery give the best improvement to 
the battery performance. However, the larger capacitance value of ultracapacitor 
is not a factor which will give a better performance of the battery 
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1.1 Background of Study 
Ultracapacitor, supercapacitor or EDLC (Electric Double Layer Capacitor) 
is the same thing which is a capacitor where its ability has been improved over a 
conventional capacitor. As the advance of technology nowadays, nano size 
particle of materials have opened up brilliant ideas among researcher to develop 
the existing capacitor in to a better capacitor. Ultracapacitor has a higher energy 
density in comparison with conventional capacitor where it can store more energy 
over time [I]. Due to its advantages, it is applicable in numerous applications such 
as lighting system, uninterruptible power supply (UPS), Hybrid electric vehicles 
(HEV), electronic devices, power tools, industrial equipment and 
telecommunication systems. 
1.2 Problem Statement 
AC supply is a major supply current used all over the world. But with the 
new era of technology, DC supply is turning up as an important current source for 
electrical devices. Sophisticated devices such as laptops, PDAs and cell phones 
which are using batteries as their storage devices have contribute to a mass 
produced of batteries. Batteries which are containing heavy metals such as 
mercury, lead, cadmium, and nickel are hazardous to environment if its' were 
improperly disposed [2]. Furthermore, batteries with short runtime and lifespan 
will result a frequent replacement and leads to more heavy metals waste. 
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1.3 Objeetives and Scope of Study 
This project is aimed to study the effects of ultracapacitors on the battery 
perfonnance in tenns of its ability to sustain the battery voltage and provide 
enough current to the loads for a longer time. As the earlier research done by other 
researcher, it has been proved that the combination of battery with ultracapacitors 
can prolong battery run time [3]. Thus, this projeet will be on more details 
experimentation to analyze the perfonnance of both battery and ultracapacitor 
based on the reeommendatious from the previous researcher. 
This project will show the variations resulted as more ultracapacitor with 
different capacitance value are used in that particular combinations. In order to get 
a convincing result of ultracapacitor capability, comparison of result on 
standalone battery, battery with combination of ultra capacitor which will indicate 
how far the perfonnance does improved. 
This project covers in designing and building up a simple circuit of a 
working prototype consisting ultracapacitor and battery which will be conneeted 




2.1 Capacitor in General 
Generally, capacitor is a passive electronic component that can store 
energy in the form of an electrostatic field. Over the decade, many types of 
capacitors such as vacuum capacitors, metalized mica capacitors, tantalum 
capacitors and ultra capacitors are appeared to be fixed with various applications 
of electrical devices. These capacitors can be classified as in the Figure I [4]. 
CAPACITOR 
Vanable type Ftxed type 
Electrostatic Capacitor 
Double Layer Capacitor 





Figure 1: Classification of Capacitor 
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A simplest classic capacitor is constructed by two metal plates which are 
sandwiched close together with an insulator such as a vacuum, paper or other 
insulating material in between them. Two plates are connected to them which one 
plate to the positive pole of a power source and the other to the negative pole. 
Theoretically, the greater the surface area of the plates and the smaller gap 
between the plates then the higher charge can be stored. Typical modem 
capacitors usually feature a rolled construction with the used of metalized plastic 
film to store the charge. However, the common values of capacitors available do 
not even approach lF and are actually measured in microfarads, picofarads and 
nanofarads [5]. 
2.2 Capacitance 
Capacitors hold a certain electrical pressure or voltage. The arnonnt of 
electricity or electrical size of a capacitor is much known as capacitance. Capacity 
may be commonly expressed as follows [6]: 
Q = quantity of electricity 
C = capacity of capacitor 




The capacity of a capacitor is dependent on the size and space of the 
conducting plates and the type of insulating or dielectric medium between the 
plates. The capacitance equation is as below [7]: 
C = Capacitance in farad, F 
e =dielectric constant (eoe,) 
C=eA/d 
eo= space permittivity ( 8.854 x 10 ·'2 F/m2 ) 
e, = relative permittivity 
A= area of one plate in square meters, m2 
d = distance between plates and electrolyte. 
(2) 
Capacitance is directly proportional to the plates' surface area but 
inversely proportional to the separation between plates. Through this equation, it 
is clear that by maximizing the surface area of the plats will give higher 
capacitance. 
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2.3 Introduction of Ultracapacitor 
The use of capacitors as the energy storage devices only became possible 
with the invention of supercapacitors in late 1960. Supercapacitors are 
electrochemical capacitor which are sometimes also known as 'ultracapacitors' or 
'Electrolytic Double Layer Capacitor (EDLC)'. In contrast to ordinary capacitors, 
their capacitance is measured in the value of Farads (F), and even approaching 
kiloFarads (kF), they can store a million times of the electrical energy [8]. 
Supercapacitors can be classified by the electrode material occupied as the 
collectors [9]. The first type of supercapacitor is basically replaces the metal sheets 
of its construction with activated carbon electrodes. A few nanometres in size of 
pores in the carbon provide an enormously increased internal surface area. In 
order to utilise the additional active surface area, the liquid electrolyte is used as 
an electrically conductive which allows double layer of charge to be formed 
between the carbon and the electrolyte ions. The second type of supercapacitor 
uses transition metal oxides such as ruthenium or iridium as electrode material 
with an aqueous electrolyte. While the third type of supercapacitor is based on 
the use of electronic conducting polymers such as polypyrrole, polythiophene or 
polyaniline as the electrodes. 
2.4 Concept ofUltracapacitor 
The double layer concept is realized when two electrodes immersed in an 
electrolyte,are polarized. The polarized charges at both the positive and negative 
electrodes resemble two capacitors connected in series as shown in Figure 2. In 
ultracapacitor, Helmholtz double layer structure are commonly used which is a 
structure of charge accumulation and charge separation that always occurs at the 
interface when an electrode is immersed into an electrolyte solution. This layer is 
formed as the solvated ions are blocked and accumulated at the electrode and 
electrolyte interface [1 0]. 
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Charged DischarQed 
Figure 2: Behavior of electrolyte in ion (positive charge) in 
the p<>Te when charged and discharge [11] 
2.5 Working Principle 
The ultracapacitor works just like a normal capacitor. A battery or a power 
source will charge up the current collector which are the electrodes.. The 
electrodes will then be charged up with one side as positive and the other side is 
negative. As the electrodes being charged, the positive and negative ions in the 
electrolyte will move to the respective opposite charge electrodes. This is how the 
ultracapacitor collects charges or energy. 
The discharging process of a ultracapacitorr is when the battery is taken 
out and it is connected to the load in a close circuit. The highly positive and 
negative charged plats will start to act like the positive and negative charge of 
battery. The negative plat will be the source of electrons and positive plat will 
attract the electrons. The ions in the electrolyte will be released back into to 
electrolyte. . As there is a moving of electrons, there is current flowing from 
positive plat of the ultracapacitor 
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2.6 Ultracapacitor Advantages 
As a revolutionary of nanotechnology ultra capacitors which are now 
growing well in the market as its capability are believed to give huge 
developments of electrical device.In last few years, a great attention has been 
focused ont these ultracapacitors in the United States, Europe and Japan. Several 
companies, such as Maxwell, Siemens Matsushita (EPCOS), NEC,Tokin are now 
commercializing ultracapacitor as there are more responsive demands in the 
market.As nano materials are widely used in manufacturing ultracapacitors, 
surface area of plates of the ultracapacitor is increased which proportionally 
increase its capability of storing more charge [12]. In addition, ultracapacitors 
have their unique advantages as below [13]:-
• low ESR (Equivalent Series Resistance) 
• long life cycle 
• high charging and discharging rate 
• high capacitance density 
• wide range of operating temperature 
• lightweight 
• enviromnental friendly 
• free-operation maintenance 
Due to these advantages, the global market for ultracapacitors is expected to 
reach $560 million in 2011 with 15.3% average annual growth rate based on A 
Global Industry and Market Analysis (ETP-101) [14]. In conjunctions with Irap 
(Innovative Research and Products) forecast, a study shows that automotive, 
consumer electronics and industrial power management are the major markets 
where ultra capacitors are needed [ 15]. 
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2. 7 Current Applieation ofUitraeapaeitors 
A bundle of advantages of ultracapacitors have spread the used of 
ultracapacitors in various applications. The advantages of ultracapacitors seems to 
be aware by most of manufacturer in the industry which start to applied the used 
of ultracapacitors in their products. Among of the products which are using 
ultracapacitors are listed as below [I6J:-
• Hybrid Electrical Car (HEV) 
• Uninterruptible Power Supply (UPS) 
• E- Bike 
• Memory Backup in electronic device 
• Camera 
• Electric Valve 




3.1 Proeedure Identifieation 
START 
Research on topic propose by supervisor 
Finalize topic 
selection? 
Literature review and problem ide~ 
NO 
Research on applicable co!Uiections suggested jo-----, 
by other researcher 
Identify requiced componellt, software and 
hardware 
Simulate and perform primary experiment of 
existed design proposed by other .researcher. 
Any possible improvemeut can be made? 
~ 
YES 
Desi.l;tn new circut 
Figure 3: Flow of Project 
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3.2 Tools and Equipments Required 
Throughout the progress of this project, the suitable tools have been 
identified to be used for the completion of the project. Recently, some of the tools 
are already been used and familiarized before, but some of them are identified to 
be used later based on the needs, functions and its availability. The following 
details in table 1 provide the information on tools and software that required 
performing all stage of process for this project:-
3.2.1 Hardware 
TabJe 1: Tools and Equipments 
No. Tools and Description 
Equipments 
Name 
2. Science This hardware is used together with Data Studio 
Workshop 750 Software in order to fetch data from the prototype onto 
Interface 
the PC for further simulations. 
3. Ultracapacitor Ultra Capacitor is expected to use is based on their 
availability in the local market. Small size and less cost 
of ultra capacitor is the priority as the project is 
focusing to the portable electrical devices. Currently a 
Panasonic ultracapacitor with rating S.SV and IF is 
used in this project. 
4. Battery Various type, size and capacity of battery is planned to 
be used as this will produce the variation of results. At 
the primary stage, AA battery with l.SV is used for 
each experiment. 
Bulb A bulb used in this experiment as the load to discharge 




The ultacapacitors used in this project is based on the availability of its in the 
Malaysia's market. Currently in Malaysia, ultracapacitor with the range of 
0.33mF to l .SF are available in the market. Thus, ultracapacitors with value of 
O.SF, IF and l.SF are used in this project. These ultracapacitors are manufactured 
by MATSUSHITA from Japan and ELNA from USA. These ultracapacitors are 
stacked coin shape and have 5.5V rated voltage as shown in FIGURE below 
Figure 4: Ultracapacitors [17] 
• Batteries 
Batteries used in this project is AA battery R6NPT which rated l.SV 
manufactured by Panasonic. This kind of battery is available everywhere in the 
market and can be obtained at affordable price. AA size batteries are among the 
batteries which are used widely by consumers in application of torchlight, mp3s, 
clocks and toys. 
Figure 5: AA battery [18] 
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• Science Workshop 750 Interface 
Sdence Workshop750 Interface as in the Figure 4 very well known at 
university level as a physics interface. This device offers built-in function 
generator and DC power supply, plus a total of 7 channels which allow an 
efficient data acquisition. This interface offer various of probe sensors to be used 
for data collection such as voltages, currents, lights, sounds, forces, motion, pH 
and etc. This hardware is available in Physics Lab with four probes of voltage, 
current, light and sound. 
By using this device, the voltage and current from a tested circuit can be 
collected simultaneously which ensure the data collected is accurate rather than 
testing the circuit twice, to collect the data of current and voltage. Furthermore, 
this device is operated with 240V AC power supply which allows it to be used 
anywhere outside the laboratory. This device is so simple has only one switch 
embedded, thus no complex steps should be taken get it be operated. Besides, this 
device is also available with USB cable to connect between ScienceWorkshop 
750 Interface and computer. Thus, this device can be used with any kind of 
computers since there is no special or unique port required to let it be connected 
with computer. 
Figure 6: Science Workshop 750 Interface [19] 
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The PASCO CI-6556 Current Sensor as in Figure 5 is an analogue channel 
plug designed to interface to measure currents of ±1.5 amperes. The setup and 
rating for this sensor has been familiarized to avoid critical error on data 
collection due to inefficiency of dealing with this sensor. 
Figure 7: PASCO CI-6556 Current Sensor [20] 
While for voltages recording, PASCO Model CI-6503 Voltage Sensor is to 
be used despite of a voltmeter. This sensor allows details monitoring of AC and 
DC voltage from -10 volts to + 10 volts even as per mille second which will allow 
the accurate analysis. The probe ends are standard stackable banana plugs with 
detachable alligator clip adapters which wiJl ease the connection to be made on particular 
circuit. 
Figure 8: PASCO Cl-6503 Voltage Sensor [21] 
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3.2.2 Software 
• Data Studio 
Data Studio is a data acquisitio~ display and analysis program which is 
works with ScienceWorkshop 750 Interface. The data collected from 
ScienceWorkshop 750 Interface through voltage sensor and current sensor will 
display, recorded and analyzed onto Data Studio program. The currents and 
voltages collected from the circuit will be automatically uploaded to the 
DataStudio with graphical display and tabling display. The required setup and 
calibration between Science Workshop 750 Interface and DataStudio Program has 
been studied as well as practical used of those hardware and software. 
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Figure 9: User Interface of Data Studio 
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• NI Multisim Analog Devices Edition 
NI Multisim Analog Devices Edition is an analog circuit and digital logic 
simulation software that runs on personal computers. This software is a 
powerful program that is used in integrated circuit and board level design to 
check the integrity of circuit designs and to predict circuit behavior. The 
software used is the latest version N1 Multisim 11.0 which is released on 
2010. This software is open source software which is available on the 
internet. In comparison to PSPICE, there are more components available in 
Multisim which suit with the real component. For instance, ELDCs with the 
range of 1 to 5000 Farads is available in Multisim but in PSPICE only the 
conventional capacitors are available. 
~··- -= ~·. 
~ Sot ill loa lla 11]1 s-o- .... r. ..... ~ ..... tloiP 











• • • 
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Figure 10: User Interface ofNI Multisim Analog Devices Edition 
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3.3 Circuit Arrangement 
Throughout this project, a few types of circuit arrangement have been 
utilized to get the combination between ultracapacitors and battery which will 
produce different results. These circuit arrangements which involve stand alone 
battery circuit arrangement, series connection between ultracapacitor and battery 
circuit arrangement and parallel connection between ultracapacitor and battery 
circuit arrangement have been used as the mauipulated variable. Besides, different 
capacitance value of ultracapacitor is varied to examine whether the capacitance 
values does affect the performance of the battery and overall circuit. 
In each circuit arrangement, the same rated battery and bulb used to make 
sure the results are more reliable. AA Panasonic batteries with rated voltage 1.5V 
are chosen to be used throughout the project regarding it cost and availability in 
market. Each experiment to be ran, brand new batteries will be used to ensure that 
the results are not affected due to different batteries condition. While a bulb with 
rated voltage 3.8V will be replaced after 5 times used to make sure there is no side 
effect regarding less efficiency of the bulb after many cycles used. 
While for the ultracapacitors, each of it is having different capacitance 
value which is 0.5F, IF, and 1.5F. Since there is no single 2F ultracapacitor, two 
IF ultracapacitors are parallel to give 2F capacitance value. Due to the advantages 
of ultracapacitors its can be used for many cycles without effecting its capability. 
17 
a) Stand alone battery 
In this arrangement a 3.8V rated bulb is being supplied by two l.SV battery 
which are connected in series to give a total voltage of3V. XMM2 and XMMl 
do represent voltage and current sensor from ScienceWorkshop 750 Interface 
which measure and collect the voltage value across the bulb and the flowing 
current from batteries to the bulb. Figure 11 below shows battery stand alone 
circuit arrangement 
:::::::::::::::::::::::::::: Jal2:::::::::::::::::::::::: 
.... "" .. -.--.----- .. -.-.-------.- .. -- .. - .. - .. - ... 
L__ ____ _,__ ___ __, •.•.•....•......... 
Figure 11: Battery Standalone 
b) Series connection between ultracapacitor and battery 
:::::::::::::::::::::::::::: Jal2:::::::::::::::::::::::: 
...... - .. - ....... -.- ... -.--. --.-.-.- .... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . -A ........... :. :. :::::::: 
......... - ............. --.-. + - ... - .. - ..... -- ...... - .. 
. -.-- .. --- ..... -- ... -.- .. --. . . - ..... - .......... - .. . 
·vt:::::::::::::::::::::::::::::: 
-~JV······························ 
.. ---- ... --- .. - .. --.----.------ .. --.-.---.---.-- . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ._ ______ _J 
... -.--.-.- .. - .. --- .. -.- ......... - ... --- .. - .... '- .... -
.... - ..... - .. - ..... -:::: ... -.- ....... -.- ... - .. -- ... -.-.-- .. -
Figure 12: Battery in Series with lF Ultracapacitor 
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c) Parallel connection between ultracapacitor and battery 
In this arrangement, an ultracapacitor is connected in parallel with two l.SV 
rated voltage batteries. By paralleling them, the bulb is now powered by both 
batteries and ultracapacitor as shown in Figure 13 below. During turn OFF of 
the switch, the ultracapacitor will be charged by the batteries at the total 
voltage of two batteries which is 3V. The charging of the ultracapacitor will be 
stopped automatically. Therefore, the ultracapacitor is left to be charged by the 
batteries for a moment before the experiment to be carried out. During turn 
ON, the bulb will consume current from both batteries and ultracapacitor. At 
the same time ultracapacitor is charged by the batteries. 
: : : : : : : : : : : : : : : : : : : : : : : : : : : JIMM2: : : : : : : : : : : : : : : : : : : : : : : : 
....... ----- ..... - .. '.--... - .. - .... - .. - .......... . 
... . .... ... . .. . .. ........ .. --A ...................... . 
- .. - ........ - - ... - .. - .. - .. - .... - . - ........ - . - ..... - .. - -
: : : : : : : : : : : : : : : : : : : : : : :J1A: : : : : : : : : : : : : : : : : : : : : : ::xMMJ.: : 
..... - ... - ........... -- ....... ---.- .... -- ... -. . 
............................................... --A. 
. . . . ....... - ... -- .... - . 
. . . . - .. - .............. - .. - .. --- .. --.-- .... -.-
:::::::::::::::: . :: :xc::::::::: 
-n- · · · · · · · · · · · · · :uv- · · · · · · · · . . \71 : : : : : : : : : : ... 
=3V· ......... 1F 
.. .. . . .. .. .. . . .. .. .............. +-------_j 
L_-------+-----------' ................. .. 
. . . . . - ... -.- .. - <. . .....• -----.- .• ----- ........• - .... 
. - ...... - .. -.- .... -.-.- ... - ...... - .............. -.-.- .. 
Figure 13: Battery in Parallel with IF Ultracapacitor 
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CHAPTER4 
RESULTS AND DISCUSSIONS 
4.1 Results 
In this project, the results are basically showing the plotted graph of 
voltages and currenst which are obtained from the circuit those have been set up 
earlier . These voltages and current are actually obtained from the bulb which is 
left to be operated in the continuos operation with 3V batteries as a power supply. 
Voltages and currents are collected from voltage and current sensors which is 
connected to Science Workshop 750 Interface. Then, the DataStudio program will 
automatically plot the data into graphical display. In the results, there will be 
some delays of the time where data start to be collected since the sensors do not 
trigger automaticaaly as the switch of the tested circuit is turned ON. Thus, the 
DataStudio is left to be operated earlier before the batteries start to give current 
the bulb. The delay of a few seconds in each result is aware and taken into 
consideration for the final results. 
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Figure 14: Voltage and current Waveform of Standalone Battery. 
i 
-----! 
For this stand alone battery, the starting voltage gives the reading of2.422V and 
the current of 0.317 A. The voltage at the bulb in the beginning, does not give 
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Figure 15: Voltage and current Waveform ofBattery Parallel with O.SF 
Ultracapacitor 
In this circuit ofbattery paralleled with 0.5F ultracapacitor, the voltage across the 
bulb at starting point gives 2.611 V and the current of 0.322A. 
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Figure 16: Voltage and current Waveform ofBattery Parallel with IF 
Ultracapacitor 
As the graph above, the starting voltage for batteries in parallel with IF 
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Figure 17: Voltage and current Waveform of Battery Parallel with 1.5F 
Ultracapacitor 
45000 
As the graph shown, when batteries in parallel with 1.5F ultracapacitor, the 
voltage across the bulb at starting point gives 2.52V and the current of 0.298A. 
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Figure 18: Voltage and current Waveform of Battery Parallel with 2F 
Ultracapacitor 
I 
In this circuit of batteries paralleled with 2F ultracapacitor, the voltage across the 
bulb at starting point gives 2.593 V and the current of0.324 A. 
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Figure 19: Voltage Waveforms of Standalone Battery and Battery Parallel with 
O.SF, lF, 1.5F and 2F Ultracapacitor 
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Figure 20: Current Waveforms of Standalone Battery and Battery Parallel with 
0.5F, lF, 1.5F and 2F Ultracapacitor 
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4.2 Discussions 
As the results shown, each arrangement of the circuit will give almost the 
same shape of voltage waveform which the voltage continuosly drop approaching 
zero voltage. But the voltages value of all circuit arrangementsare not exactly the 
same at each point due to the different value of capacitor used in each circuit. 
Based on the results, in a particular time interval, rate of voltage drop across the 
bulb is fast but at a certain interval the voltage drops slowly. As shown in Figure 
17 we can see that the most of the graph are having a quick drop at the interval of 
0 to 1000s. At this interval the bulb illuminate with the highest intensity. This 
situation happened because, there is charges let to be stored in the ultracapacitor 
before the batteries and ultracapacitor giving supply to the bulb. Thus, the 
behaviour of ultracapacitor which discharges quickly caused a quick drop of the 
voltage. 
At the interval of 5000s to lOOOOs the voltage seems decreasing almost in 
a linear form. This behaviour occurs because the ultracapacitor is charging and 
discharging constantly. The ultracapacitor get charged by the batteries and 
discharge the energy within itself to produce current for the load at the same rate. 
Thus, the voltage decreased slowly over time. 
While at the range of 12000s onward, the voltage decrease in a vey small 
value thus at that particular range, the slope of the graph is almost flat. At his 
range, the batteries are reaching at its cut off volatge. Instead, the bulb is not 
producing any light but there is still current flowing through the bulb. Without 
disconnecting the bulb from the circuit, the batteries will be drained to 0 voltage. 
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In this section, datas are analyzed in terms of factor ratio. From the each 
result, data at houri, hour 2 and hour 3 are taken to be compared. The data for 
stand alone battery circuit arrangemant will be set as the base value which is 
placed as the denominator while the value for other circuit arrangements are set as 
the numerator. If the factor give the value greater thean 1, it shows some 
improvement while if the factor less than 1 it shos that there is no improvement 
given by combining ultracapacitor with batteries 
Factor = Value of the others circuit arrangements 
Value of the stand alone battery circuit arrangement 
The data of voltage and current at the 3600s, 7200, and 1 0800s for all 
circuit arrangements are summarized in the all Table 2 and Table 3 below. 
Table 2 : Voltage across the bulb for battery in parallel with ultracapacitor 
Voluge across the bulb (V) 
Parallel connection between At3600s At7200s At l0800s 
ultracapacitor and batteries 
OF 1.787 1.281 0.432 
0.5 F 1.931 1.411 0.295 
1.0 F 1.882 1.304 0.303 
1.5F 1.&54 1.304 0.274 
2.0F 1.896 1.350 0.234 
Table 3 : Current produced from the battery in parallel with ultracapacitor 
Current to the bulb A) 
Parallel connection between At3600s At7200s At10800s 
ultracapacitor and batteries 
OF 0.269 0.232 0.165 
0.5 F 0.274 0.237 0.154 
1.0 F 0.264 0.232 0.147 
1.5 F 0.259 0.227 0.138 
2.0F 0.276 0.237 0.150 
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As a comparison between stand alone circuit and battery in parallel with 
ultracapacitor, Table 4, 5 and 6 below have been construct to show the 
comparison factor of those circuits in terms of voltage. 
Table 4: The factor of the runtime of voltage across the bulb for battery in 
parallel with ultracapacitor compared to stand alone battery at 3600s 
Voltage across the bulb (V) at 3600s 
Parallel connection between Stand alone 
ultracapacitor and batteries battery Factor 
0.5F 1.931 1.787 1.081 
1.0 F 1.882 1.787 1.053 
1.5 F 1.854 1.787 1.037 
2.0F 1.896 1.787 1.061 
Table 5: The factor of the runtime of voltage across the bulb for battery in 
parallel with ultracapacitor compared to stand alone battery at 7200s 
Voltage across the bulb (V) at 7200s 
Parallel connection between Stand alone 
ultracapacitor and batteries battery Factor 
0.5 F 1.411 1.281 1.305 
1.0 F 1.304 1.281 1.018 
1.5 F 1.304 1.281 1.018 
2.0F 1.350 1.281 1.054 
Table 6: The factor of the runtime of voltage across the bulb for battery in 
parallel with ultracapacitor compared to stand alone battery at 1 0800s 
Voltage across the bulb (V) at 10800s 
Parallel connection between Stand alone 
ultracapacitor and batteries battery Factor 
0.5 F 0.295 0.432 0.683 
1.0 F 0.303 0.432 0.701 
1.5F 0.274 0.432 0.634 
2.0F 0.234 0.432 0.542 
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As a comparison between stand alone circuit and battery in parallel with 
ultracapacitor, Table 7, 8 and 9 below have been construct to show the 
comparison factor of those circuits in terms of current supplied to the bulb. 
Table 7: The factor of the runtime current supply by battery in parallel with 
ultracapacitor compared to stand alone battery at 3600s 
Current to the bulb (A) at 3600s 
Parallel connection between Stand alone 
ultracapacitor and batteries battery Factor 
0.5 F 0.274 0.269 1.019 
1.0 F 0.264 0.269 0.981 
1.5 F 0.259 0.269 0.963 
2.0F 0.276 0.269 1.026 
Table 8: The factor of the runtime current supply by battery in parallel with 
ultracapacitor compared to stand alone battery at 7200s 
Current to the bulb (A) at 7200s 
Parallel connection between Stand alone 
ultracapacitor and batteries battery Factor 
0.5 F 0.237 0.232 1.022 
1.0 F 0.232 0.232 1.000 
1.5 F 0.227 0.232 0.978 
2.0F 0.237 0.232 1.022 
Table 9: The factor of the runtime current supply by battery in parallel with 
ultracapacitor compared to stand alone battery at 1 0800s 
Current to the bulb (A) at 10800s 
Parallel connection between Stand alone 
ultracapacitor and batteries battery Factor 
0.5 F 0.154 0.165 0.933 
l.OF 0.147 0.165 0.891 
1.5 F 0.138 0.165 0.836 
2.0F 0.150 0.165 0.909 
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From the Table 4 to Table 9, it is shown that the performances of 
the overall circuit are varied as the values of ultracapacitor combined with 
the batteries are varied. Instead, the performance of the batteries supplying 
power to the bulb is inconstant over time. After a first hour or at 3600s, 
there is an improvement in terms of voltage for each circuit arrangement 
with the different values of ultracapacitor. But in term of current, the 
circuit with 1.0 F and 1.5 F ultracapacitor seems does not give enough 
current to the load compared to others. 
After 2 hours the performance of the batteries supplying power to 
the bulb is still the same as the first 1 hour. In terms of voltage, all circuit 
arrangements showing some improvement by having the factor greater 
than 1. In terms of current, the circuit with l.OF and 1.5F ultracapacitor 
showing that in parallel with batteries less current supplied to the load. 
After 3 hours all circuit which are with ultracapacitor does not 





For this context of project, a few complete circuit of a working prototype 
using ultrcapacitors and batteries as the power supply were experimentally 
validated. When the batteries are connected in series with ultracapacitor, the 
ultracapacitor does not give any benefit in assisting the batteries to give power 
supply to the load with a better performance. This is proven as the bulb does not 
produce any light when it is connected to the circuit. 
Besides, for the batteries connected in parallel with ultracapacitor, the 
ultracapacitor is giving a slight improvement onto the batteries performance in 
terms of minimizing the voltage drop and supplying enough current to the load 
over time. Instead, only for a certain length of time seems the voltage decreased at 
slower rate and the current provided to the load is higher than the current supplied 
by the battery alone. Even so the objective of the project is achieved with some 
limiting factor revealed. 
From this project a limiting factor of ultracapacitor in assisting the battery 
for a better performance is revealed. The larger capacitance value of ultracapacitor 
is not a factor which will give a better performance of the battery. Otherwise, an 
equation or a guideline should be derived in order to select the best capacitance 
value of ultracapacitor to suit with the different batteries used for various 
applications. It is best to optimize the load with the built in ultracapacitor to suit 
the battery rather than producing a new battery to suit the load. 
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5.2 Reeommendations 
Throughout the project, some factors and problems encountered have been 
identified which affect the results and giving delay onto this project. Thus, a few 
modifications and improvements should be taken for the future work. Some of 
those modifications and improvements are:-
• The experimentation should be conducted at the place where is free from 
any disturbance. A slight disturbance such a vibration will affect the result 
obtained as the sensors are very sensitive. 
• This experimentation should be tested on the load with discontinuous 
operation. 
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APPENDIX A 
THE DATA SHEETS OF VOLTAGE AND CURRENT ACROSS mE 
LOADFORTHEF~TONEHOUR 
APPENDIX A.l 
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Voltage ( V} Time ( s) Voltage ( V) Time ( s} 
1.876 2646 1.865 2820 
1.876 2648 1.865 2822 
1.87:5 2650 1.865 2824 
1.875 26:52 1.865 2826 
1.875 2654 1.865 2828 
1.875 2656 1.865 2830 
1.875 2658 1.865 2832 
1.875 2660 1.865 2834 
1.875 2662 1.865 2836 
1.875 2664 1.865 2838 
1.875 2666 1.865 2840 
1.875 2668 1.865 2842 
1.87:5 2670 US65 2844-
1.875 2672 1.865 2S46 
1.875 2674 1.864 2848 
1.875 2676 1.863 2850 
1.875 2678 1.863 2852 
!.875 2680 1.863 2854 
1.875 2682 1.863 2856 
1.875 2684 1.862 2858 
1.875 2686 1.862 2860 
1.875 2688 1.862 2862 
1.874 2690 1.862 2864 
1.875 2692 1.862 2866 
1.875 2694 1.862 2868 
1.873 2696 1.861 2870 
1.874 2698 1.861 2872 
1.874 2700 1.861 2874 
1.874 2702 1.86 2876 
1.874 2704 1.86 2878 
1.874 2706 1.861 2880 
1.873 2708 1.861 2882 
um 2no 1.861 2884 
1.871 2712 1.861 2886 
1.87 2714 1.861 2888 
1.87 2716 1.86 2890 
1.871 2718 1.86 2892 
1.871 2720 l.S6 2894 
1.871 2722 1.86 2896 
1.871 2724 1.86 2898 
1.871 2726 1.86 2900 
1.871 2728 1.86 2902 
1.87 2730 1.86 2904 
1.87 2732 1.86 2906 
1.87 2734 l.86 2908 
1.87 2736 1.86 2910 
!.87 1738 1.86 2912 
1.87 2740 1.86 2914 
1.87 2742 1.859 2916 
1.87 2744 1.858 2918 
1.87 2746 1.859 2920 
1.868 2748 1.859 2922 
1.87 2750 1.857 2924 
1.87 2752 1.857 2926 
1.87 2754 1.857 2928 
1.87 2756 1.857 2930 
1.87 2758 1.857 2932 
1.1:17 2760 1.857 2934 
1.87 2762 1.857 2936 
1.87 2764 1.857 2938 
1.869 2766 1.857 2940 
1.87 2768 1.857 2942 
1.87 2770 1.856 2944 
1.869 2772 1.856 2946 
l.87 2774 1.857 2948 
1.868 2776 1.856 2950 
1.868 2778 1.856 2952 
1.867 2780 1.856 2954 
1.868 2782 1.856 2956 
1.866 2784 1.856 2958 
1.867 2786 1.856 2960 
1.867 2788 1.856 2962 
1.866 2790 U556 2964 
1.867 2792 1.856 2966 
1.867 2794 1.856 2968 
1.866 2796 1.856 2970 
L865 2798 1.856 2972 
1.866 2800 1.856 2974 
1.866 2802 1.856 2976 
1.865 2804 1.856 2978 
1.865 2806 1.856 2980 
1.865 2808 1.856 2982 
1.865 2810 1.856 2984 
1.865 2812 1.855 2986 
1.865 2814 1.854 2988 
1.865 2816 1.855 2990 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BATTERY PARALLEL WITH 0.5F ULTRACAPACITOR(VOLTAGE) 
Time (s) Voltage (V) Time( s) Voltage(V) Time(s) Voltage ( V) Time ( s) 
0 0 I~ 2.393 348 2.319 522 
176 2.392 350 2.317 524 
2.611 !78 2.39: 352 2.316 526 
6 2.604 180 2.389 354 2.315 528 
2.598 182 2.388 356 2.315 530 
to 2.589 184 2.387 358 2.315 532 
12 2.582 186 2.387 360 2.315 534 
14 2.576 188 2.385 362 2.315 53& 
16 2.568 190 2.383 364 2.314 538 
18 2.564 192 2.383 366 2.313 540 
20 2.559 194 2.383 368 2.313 542 
22 2.554 196 2.382 370 2.31 544 
24 2.549 198 2.382 372 2.31 546 
26 2.544 200 2.379 374 2.31 548 
28 2.539 202 2.378 376 2.309 550 
30 2.536 204 2.376 378 2.309 552 
32 2.532 206 2.376 380 2.309 554 
34 2.529 208 2.375 382 2.308 556 
36 2.524 210 2.374 384 2.306 558 
38 2.52 212 2.373 386 2.305 560 
40 2.518 214 2.372 388 2.305 562 
42 2.515 216 2.371 390 2.305 564 
44 2.51 218 2.368 392 2.305 566 
46 2.51 220 2.368 394 2.304 568 
48 2.505 222 2.368 396 2.304 570 
50 2.502 224 2.368 398 2.302 572 
52 2.5 226 2.366 400 2.3 574 
54 2.496 228 2.365 402 2.3 5~.6 
56 2.493 230 2.365 404 2.3 578 
58 2.491 232 2.363 406 2.299 580 
60 2.488 234 2.363 408 2.299 582 
62 2.485 236 2.362 410 2.296 584 
64 2.484 238 2.362 412 2.297 58,6 
66 2.481 240 2.359 414 2.296 588 
68 2.479 242 2.36 416 2.296 590 
70 2.476 244 2.358 418 2.295 592 
72 2.473 246 2.358 420 2.295 594 
74 2.471 248 2.356 422 2.2~~ 5~6 
76 2.47 250 2.355 424 2.293 598 
78 2.468 252 2.354 426 2.293 600 
80 2.466 254 2.354 428 2.292 602 
82 2.463 256 2.354 430 2.29 604 
84 2.461 25E 2.354 432 1-29 606 
86 2.46 260 2.352 434 2.29 608 
88 2.456 262 2.351 436 2.29 610 
90 2.456 264 2.351 438 2.288 612 
92 2.452 266 2.349 440 2.289 614 
94 2.451 268 2.349 442 2.28~ 616 
96 2.449 270 2.349 444 2.286 618 
98 2.448 272 2.347 446 2.285 620 
100 2.446 274 2.346 448 2.285 622 
102 2.446 276 2.346 450 2.285 624 
104 2.442 278 2.345 452 .. 2.285 626 
106 2.441 280 2.344 454 2.285 628 
108 2.44 282 2.344 456 2.285 630 
110 2.437 284 2.344 458 2.281 632 
ll2 2.436 286 2.343 460 2.282 634 
114 2.434 288 2.342 462 2.28 63& 
116 2.432 290 2.341 464 2.28 638 
118 2.432 292 2.339 466 2.28 640 
120 2.429 294 2.339 468 2.28 642 
122 2.427 296 2.336 470 2.278 644 
124 2.426 298 2.336 472 2.279, 646 
126 2.426 300 2.336 474. 2.277 648 
128 2.424 302 2.335 476 2.277 650 
130 2.422 304 2.334 478 2.276 652 
132 2.422 306 2.334 480 2.275 654 
134 2.419 308 2.334 482 2.275 65;6 
136 2.417 310 2.333 484 2.275 658 
138 2.4!5 312 2.332 486 2.275 660 
140 2.414 314 2.33 488 2.275 662 
142 2.412 316 2.329 490 2.272 664 
144 2.412 318 2.329 492 2.272 666 
146 2.41 320 2.329 494 2.27'1'. 668 
148 2.407 322 2.328 496 2.271 670 
150 2.407 324 2.327 498 2.271 672 
152 2.406 326 2.325 500 2.271 674 
154 2.406 328 2.324 502 2.271 6~.6 
156 2.403 330 2.324 504 2.269 678 
158 2.402 332 2.324 506 2.269 680 
160 2.401 334 2.324 508 2.268 682 
162 2399 336 2.324 510 2.268 684 
164 2.398 338 2.323 512 2.266 686 
166 2.398 340 2.321 514 2.266 688 
168 2.396 342 2.319 516 2.266 690 
170 2.393 344 2.321 518 2.266 692 
172 2.393 346 2.319 520 2.266 694 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TIIIIC{S) Curralr:(A} TDDC(s) 
J48 0.3 522 
JSO 0.3 524 
352 0.3 526 
354 0.299 528 
356 0.3 530 
J~ o~ sn 
360 0.299 534 
362 0.299 536 
36t 0.299 538 
366 0..299 540 
368 0299 54.2 
310 0299 544 
m o-299 546 
374 8.199 548 
376 0299 550 
318 ..,.. 552 
~ ll.Z99 S54 
382 0.299 556 
"' 0.29!1 558 
.... 0299 S60 
... 0.29!1 562 
... 0299 5li4 
392 0.199 566 
... 0-29!1 568 
396 0.29!J 510 
398 o.299 m 
400 0298 514 
"" 11.198 576 
"" 0.291! 578 
... 0298 5l!IJ 
408 0.298 582 
410 6.1:98 58C 
412 0298 586 
414 8.293 588 
4:16 Q.1!l8. ~ 
418 0.298 S'J2 
420 0.298 Sg( 
422 0.191! 596 
424 ll298 598 
-426 0.298 600 
428 0.191! .., 
430 0.298 604 
432 11.298 606 
434 0..298 608 
... 0298 610 
438 0298 612 
440 0.298 614 
442 D.198 616 
444 D.298 6lB 
446 0.298 620 
448 0.297 622 
450 0Al!J7 624 
452 0..297 626 
454 0.2!17 628 
4-56 0.197 630 
4-58 0.297 632 
..., ..,., 634 
4-62 (l.297 636 
464 0.297 638 
4-66 0.197 640 
468 0:1!11 642 
470 0.297 644 
472 0.2!J7 646 
474 0.297 648 
476 0.2!17 650 
478 0.297 6S2 
... IU97 654 
482 ..,., 656 
484 6.297 .658 
486 0.297 660 
488 0297 662 
490 0.297 66C 
4-92 0297 666 
494 IU91 668 
496 O.'J!}7 670 
... ..,., 672 
500 (l296 674 
502 ..,.. 676 
504 0.296 678 
506 0..2!16 680 
5llO 11.2>6 "" 
510 6.296 ... 
512 0.296 686 
SlA 0.2!16 688 
516 0296 690 
5l8 0.296 691: 















































































































































































































































































































































































































































































































































































































































































































r.-{s) Cunat(A} Tmae(s} 
1392 ..,.. 1566 
1394 ..... 1568 
1396 0286 1570 
13!18 ..... lS72 
1400 0286 1574 
lA02 0286 1576 
1404 11286 1578 
.... ..... 15110 
1408 D.286 1582 
1410 D.l86 1S84 
14U 0.286 lS86 
1414 0.286 1588 
1416 0286 1590 
1418 D.286 1592 
1420 CU86 1394 
1422 ..... 15!16 
14l4 q.2S6 1598 
1426 ..,.. ""' 
1428 IUB6 1602 
1430 D.286 1604 
1432 11.286 1606 
1434 0286 1608 
1436 0286 1610 
1438 D.28S 16U 
1440 I>.28S -
1442 0286 1616 
1444 D.285 1618 
1446 D.1B6 1620 
1448 D.28S l6l2 
1450 D.28S 1624 
1452 0.285 1616 
1454 8.285 1628 
.... 11.285 """ 
1458 6..285 1632 
1460 ft;l85 lfi34 
1462 0.285 1636 
1464 8.285 Di38 
1466 Q.285 1640 
1468 D.285 1642 
1410 D.285 lfi44 
1412 D.28S 1646 
1414 0.185 1648 
1476 0..285 165D 
1478 0.185 1651 
1480 D.285 1654 
1482 0285 1656 
1484 D.28S 1658 
1486 fJ.285 1660 
1488 o..zss 1fi62 
14!10 0285 1664 
1492 D.22l5 1666 
1494 0285 1668 
1496 0285 1610 
1498 o.28S 1612 
1500 D.28S 1674 
1502 0285 1676 
1,504 o.285 1618 
1.506 0.285 1680 
1508 I>.28S ,.., 
1510 0.285 1684-
lSU 0285 -
1514 0.285 1.688 
1516 0.285 1690 
lS18 0..285 1692 
1S10 0..28:5 1694 
1522 0.285 16'96 
1524 0285 """ 
1526 ll.28S 1700 
1528 0.285 1102 
1530 D..2B5 1704 
1532 Cl.28S 1706 
lS34 G.285 1708 
1536 a.185 1110 
""' 11.285 mz 
1540 0.285 1714 
1542 0285 1716 
1544 0.285 1718 
1546 0.285 1120 
1548 0285 1722 
1550 0.285 1724 
1552 D.285 172fi 
1S54 0.285 1728 
1556 8.285 1730 
1558 0285 1m 
1560 0.285 1734 
1562 D.l85 1736 



















































































































































































































































































































































Time(s) CUma(A) T~me(s) Cunml{A) TIIIIC{s) CumD:(A) Timc(s) Cumm(A} TIIDC(s) Cum:ut(A) Tanc(s) Carrem(A) 
2086 0.282 2262 0281 2414 0.28. 2608 2.012 2782 1.997 2954 1.913 
2088 0.212 22611 0.28.1 2436 0.21 2610 2..012 2184 1.997 2956 1.982 
2090 0.212 2266 0.281 24)8 0.28 2612 2.012 2186 1.997 2958 1.912 
2092 0.2&2 2Z68 0..281 2440 0.21 :2614 2.011 2788 1.997 2960 1.983 
2094 0.282 1270 0.281 2442 0.23 2616 ·2.012 2190 L997 2962 1.982 
2096 0..212 2212 0.281 2444 0.21 2611 2.011 2792 1.997 29M }_4)82: 
2098 0.282 2274 0..281 2446 0..28 2620 20ll 2194 1.997 2966 1.982 
2100 0.282 2276 0.28.1 2448 028 2622 2.011 2796 1.997 2968 1_9&2 
2102 0.212 2278 0.21H :MSO 0..21 2624 2.011 2193 1.9'17 2970 1_982 
211M 0.212 2lSO 0.2!1 2452 0.28 2626 2.011 2800 1.996 2:972 1.98:2: 
2106 0.282 2212 0.281 1454 0.28 2628 2.009 2802 1.995 2914 1.982 
2108 0..281 2214 0..281 2456 0.23 2630 2.009 2804 1.99:S 2976 1.982 
2110 0.282 2286 0.281 2458 0.23 2631: 2.009 ,.,. 1.997 2978 1.982 
2112 0.282 2281 0.211 2460 0.28 2634 2.009 2808 1.995 2980 1.912 
2H4 0.282 2290 0.281 2<162 6.28 2636 2.009 2810 1.996 2912 1.982 
2116 0.2S2 2292 0.281 2464 0.28 2638 2.001 2812 1.995 2984 1.982 
2118 0.281 22:94- 0..281 2466 0..28 2640 2JKI6 2314 1.995 2986 1.912 
2120 0..281 2296 0.281 2468 0.21 2642 2.009 2816 1.993 2988 1.982 
2122 0.2&2 2298 0.281 2470 0:28 2644 2.0® 2&18 1.995 2990 1_981 
2124 0.281 2300 11.281 2412 0.28. 2646 2.007 2>20 1.995 2992 1_981 
2126 0281 2302 0281 2474 0.28 2648 2.000 2ll22 1.993 2994 1.98 
2128 0.281 1304 0.211 2:476 0..28 2650 2.001 ""' 1.992 2996 1_979 
2:130 0..281 2306 0281 2478 0.28 2652 2.007 2826 1.993 2998 1.981 
2H2 0.282 2308 0.281 2480 028 1.654 2.007 2128 1 .. 99) 3000 1.981 
2134 0.28.1 2310 0.211 2432 0.28 2656 2.007 mo 1.993 3002 1.98 
2136 D_28I 2312 0.281 Z4S4 0.28 2651 2-()01 2132 1.993 301M 1.979 
2l38 0.28.1 Zll.f- 0.281 2486 028 2660 2.001 ,.,. 1.992 3006 1.979 
2140 0.281 2316 0.281 2483 6.28. 2662 2.007 2836 1_9112 3008 1.978 
2142 0.281 2113 0.281 2490 0.28. 2664 2.001 2m 1 .. 992 3010 1.919 
2144 0..281 2320 0.281 2492 0.28 2666 2.(107 2840 1.9'.12 3012 1.919 
2146 0.281 2322 0.211 2494 0.28 7ti68 2.006 """ 1.992 3014 1.979 
2148 0.281 2324 0..281 2496 0.28 2670 2.007 ""' 1.992 l016 1.978 
2150 0.281 2126 0.211 2498 028 2672 2.006 2846 1.992 3011 I .91.8 
2172 0.211 2328 0..281 2SOO 0.28 2674 2.()07 ~ 1 .. 992 3020 1.913 
:n,54 0.281 2330 0.1-81 2502 0.;21 '1616 Z-0117 ~ l992 ~ 1.978 
2156 0.281 2332 02.81 2504 0.28 2678 2006 2152 1.992 3024 U78 
2158 0.28.1 2134 0..281 2506 028 2680 2.004 2854 1.992 .3026 1.918 
2160 0.281 2336 0.281 2SGfl 021 2612 2.004 ,.,. 1.992 3028 1.978 
2161 0.211 1338 o.28t 2510 0.28 1684 2.004 28511 1.992 3030 1.97& 
2164 0.281 2340 0.281 2512 0.28 2686 2.003 2160 1.992 3032 1.919 
2166 0.28.1 2342 0.281 2SI4 0.28. 2688 2.004 2862 1.9!12 3034 1.979 
2168 0.281 D44 0.281 2SI6 0.28 2690 2004 ,... 1.992 3036 1.979 
2170 0281 2346 0.281 2Sl8 O.lS 2692 2.003 2866 1.992 303R 1.978 
2112 0_281 lJ48 0..211 2S20 0.28 2694 2002 ,... 1.992 3040 1.979 
2174 0.281 2350 0281 2S2Z 0.28 2696 2003 2l!7<l 1.992 3042 1.979 
2116 0..281 2152 0.281 2524 0.28 .2693 I.OOJ 2872 1.99'2 3044 1.978 
2118 0.281 2354 O.:lBI 2526 0_28 2700 UXJ2 2874 1.991 3046 1.911 
2180 0..2&1 2156 0.281 2528 0.28 2702 2_om 2876 1.991 3048 1.978 
211l2 0.281 2358 0..281 2530 0.28 2704 2.002 2878 1.99 3050 1.978 
2184 0..281 2360 0.281 2S32 028 2106 2.002 2880 1.991 3052 1.978 
21B6 0.281 2l62 0 .. 2111 2534 0_2B 2708 2002 211:! US9 30$4 1.918 
2183 0.281 2164 0.281 2536 0.28 2710 2.002 281-f 1.991 30S6 urns 
2190 0..281 2l66 0.281 2538 Q28 2112 2.002 2886 1.99 3058 1_918 
2192 0.281 2368 0.211 2540 0 .. 28 2714 2.002 21118 L919 3060 1.978 
2194 0 .. 2&1 2370 0..21 2S42 0.28 2716 2.002 2100 1.988 3062 1.918 
2196 0.281 2372 0.281 2544 0.28 2713 2.002 289'1 1.9118. 3fXi4 1_978 
2198 o.:l.SI 2174 0..2BJ 2,546 0-lS 2120 2.002 2894 1.989 3066 1.971 
2200 0.281 2376 0..281 2548 0.28 Z122 2.002 28<16 1.988 3068 1_978 
2202 0.281 2178 0.28 2550 0.28 2724 2.002 28'JO HilS .3010 1.978 
2204 0.281 2380 0.2Sl 2.552 0.28 1:l1b 2002 2900 1.981 3072 1.978 
2208 0.281 2382 !l28i 2iS4 0.28 272:8 2001 2902 1.981 3074 1.978 
2210 0.281 2384 0.181 :z5j6 0.28 2730 2002 """ 1.988 3076 1.978 
2212 0.281 2386 0.28 2558 0..2B 2732 2002 2906 1.9'18 307S 1.918 
2214 0..281 2318 0.28 2560 0.28 2734 2.002 2908 1.987 3080 1.918 
2216 0.281 2l90 0..28 2562 028 2116 2 2910 1.987 3082 1.976 
2218 0_28) 2192 0..281 2564 0.28 2738 2 2912 1.987 lOS4i 1 .. 976 
2220 0281 2194 0.28 2566 0..28 2740 2.001 2914 1.987 3016 1.976 
2222 0..281 2396 0.28 2568 6.28. 2742 2.001 2916 1.917 3088 1_975 
2224 0.281 2398 0.28 2570 02.8 2144 2 2918 1.987 3090 1.977 
2226 0.281 2400 0..2.8 2572 0.28 2746 2 2920 L937 3092 1.976 
2228 0.281 2402 0..28. 2S74 0.28 2148 .,.. 2922 1.987 3094 1.975 
2230 0..281 24M 0.28 2516 2..013 2750 2.001 2924 1_986 )01)6 1.976 
2232 0.281 2406 028 2S'1S 2.012 2152 1.998 2926 1.986 3098 1.975 
2Zl4 o.2tn 2408 0.21 2580 2.012 2754 1.999 2923 1.916 3100 )_975 
Z23l:> 0.281 2410 0.28 2582 2.013 ZlS6 1.999 l!IW 1.916 3101: 1.975 
2238 0.231 2412 0.2S 2584 2.012 2758 1.998 2932 1.916 3104 1.975 
2240 0.281 2414 0..18 2586 2.012 2160 1.99& 2914 1.986 3106 1.975 
2242 0..281 2416 0.28 1588 2.012 X162 1 .. 998 2936 1.984 3108 1.974 
2244 0.211 2418 0.28 2S90 2.012 2764 1.998 2938 1.985 3110 I. 974 
2246 0281 2420 0.28 2S92 2.012 2766 1.998 "29.u 1.986 3112 1.973 
2248 0.281 2422 0.28 2594 2.012 2768 
'""' 2942 
1.984 3114 1.973 
22SO 0.281 2424 O.l8 2596 2_012 2170 1.997 2944 1.984 3116 1.973 
2252 0.281 2426 0.28 2598 2.012 '1J72 1.997 2946 1,915 3ll3 1_97) 
2254 O.lSI 2428 0.28 2600 2_012 '1:174 1.997 2948 1.984 3120 1_973 
2256 0.281 2430 0..23 2602 2..012 2Tl6 1.997 2950 1.983 3122. 1.973 
2258 0.281 2432 0.28 2604 2.0I2 1:T7B 1.997 2952 1 .. 983 3124 l.97J 
2260 0.281 2606 2.012 2180 1.997 3126 1.973 
Tune(s) Cwn:ot(A) Ttme(s) 
3128 1.913 3300 
3UO 1.973 3302 
3132 1.'173 1304 
3134 1.9'13 3306 
3116 1.973 3308 
3138 L91l DIO 
Jt40 un JJI2 
3142 t.m 3314 
3144 1.9n 3316 
3146 1.972 JJIS 
3148 un J320 
3150 1.973 3322 
3152 1.971 3324 
3154 1.971 3326 
Jl56 1.971 3328 
3158 1.971 3330 
1160 1.97 3332 
3162 1.91 3334 
3164 1.97 J336 
3166 1!J68 1338 
3168 1.97 3340 
3170 1.968 3342 
3172 J.%8 33M 
3174 1.968 3146 
3176 1.968 3348 
3178 1.96& 3350 
3l86 1.968 3352 
3181 1.968 3354 
31S4 VJ68 3J:S6 
3186 1.968 3358 
3188 1.968 3360 
3190 1.968 3162 
3192 1.968 3364 
3194 1.967 JJ66 
3196 J.%7 33$ 
3198 1_967 3370 
3200 1.967 3372 
3202 1.966 3374 
3204 1.965 3376 
3206 1.965 3378 
3208 1.965 3380 
3210 ·~ 3382 
3212 1.964 JJM 
3214 1.964 3386 
3216 1.964 3lSI 
3218 1.964 3390 
3220 1.964- 3391 
3222 U63 3394 
3224 1.963 3396 
3226 1.963 3398 
3228 1.963 3400 
3230 1.963 3402 
3232 1.963 3404 
3234 1.963 3406 
3216 1.963 3408 
3238 1.963 .3410 
3:?40 1.963 3412 
3242 1.963 3414 
3244 1_963 3416 
3246 1.963 3418 
32-48 L962 J-1120 
3250 1.96J 3422 
3252 1.963 3424 
32S4 1.962 3416 


























































Curnm(A) T-(s) Cum:nt(A) 
1.958 l474 1.942 
1.957 3476 1.94 
1.957 347& 1.94 
L957 3480 1.919 
1.956 3482 1.939 
1.955 1484 1.94 
1.955 3486 1.939 
L956 3488 1.939 
1.956 1490 1.939 
1.955 3492 1.939 
1.955 J494 l.W 
1.954 3496 1.939 
1.955 3493 1.939 
1.954 3500 1.939 
1.954 3502 1.939 
1.953 3504 1.939 
1.953 3506 l-939 
1.953 3508 1.939 
1.953 3510 1..939 
1.953 3512 1.939 
1.953 3514 1.939 
1.953 3SI6 l.9J8 
1.953 3518 1.938 
1.953 3S20 1.938 
1_953 3522 1.936 
1.953 n:u 1.937 
1.953 1526 1.937 
1.953 3528 1..936 
1.953 3530 1.937 
1.953 3532 L936 
1.953 3534 1.9JS 
1.953 3536 1.937 
1.953 353& 1.935 
1.952 3540 1.935 
1.95) 3542 ).935 
1.951 3544 1.934 
1.951 3546 Ul4 
1.951 354& 1.934 
1.952 3550 1.934 
1.949 3552 1.934 
1.951 JSS4 1.934 
1.95 3556 1.934 
L949 3558 1.934 
1.949 1560 1.934 
1_95 3562 1.934 
1.948 3564 1.934 
1.948 3566 1.93-4 
1~ 1568 1.934 
1..948 3510 L934 
1_1)48 357l 1.933 
1.947 3574 1.934 
1.947 3576 1.933 
1.946 357& 1.934 
1.948 3580 1.932 
1_948 3532 1.933 
1_948 3584 1.933 
1.943 3586 1.932 
1.946 3588 1.932 
VMS 3590 I. 933 
1.946 359.2 1.932 
I.'H5 3594 1.93 
l.944 3596 1.93 
1.94.4 3598 1.93 
























BATTERY PARALLEL WITH 1.5F ULTRACAPACITOR(VOLTAGE) 
Time(s) Voltage(V) Tnne(s) Voltage ( V) Time ( s) Voltage ( V) Time ( s) 
0 0 174 2.315 348 2.239 522 
2 0 176 2.315 350 2.236 524 
4 2.521 178 2.315" 352 2.236 526 
2.524 180 2.314 354 2.237 528 
2.52 182 2.311 356 2.236 530 
10 2.514 184 2.31 358 2.236 532 
12 2.507 186 2.309 360 2.235 534 
14 2.501 188 2.308 362 -2.235 5"36' 
16 2.495 190 2.306 364 2.232 538 
18 2.49 192 2.305 366 2.232 540 
20 2.484 194 2.305 368 2.232 542 
22 2.481 196 2.305 370 2.232 544 
14 2-.414 198 2.3o5 372 2.232 546' 
26 2.47 200 2.302 374 2.23 548 
28 2.466 202 2.301 376 2.229 550 
30 2.461 204 2_3 378 2.228 552 
32 2.457 206 2.297 380 2.227 554 
34 2.452 21m 2.297- 382 2.221 556 
36 2.449 210 2.295 384 2.227 558 
38 2.446 212 2.295 386 2.227 560 
40 2.442 214 2.294 388 2.227 562 
42 2.438 216 2.293 390 2.226 564 
44 2.4:35 2J8 2.292 392 2.223 566-
46 2.432 220 2.291 394 2.223 568 
48 2.429 222 2.29 396 2.222 570 
so 2.427 224 2.29 398 2.222 572 
52 2.424 226 2.289 400 2.221 574 
54 2.422 228 2.287 402 2.221 5]6 
56 2.417 230 2.286 404 2.218 578 
58 2.415 232 2.285 406 2.217 580 
60 2.412 234 2.285 408 2.217 582 
62 2.412 236 2.284 410 2.217 584 
64 :2.467- 238 2-.283- 412 2.21/ 586-
66 2.406 240 2.282 414 2.217 588 
68 2.402 242 2.28 416 2.217 590 
70 2.402 244 2.28 418 2.216 592 
72 2.398 246 2.279 420 2.215 594 
74 2.395 -248 2.279 422 2.214 596 
76 2.393 250 2.276 424 2.213 598 
78 2.393 252 2.276 426 2.212 600 
80 2.389 254 2.275 428 2.212 602 
82 2.387 256 2.275 430 2.212 604 
84 2.38:5 258 z-.274 432 2.211 606 
86 2.383 260 2.274 434 2.21 608 
88 2.382 262 2.271 436 2.209 610 
90 2.379 264 2.271 438 2.208 612 
92 2.377 266 2.271 1140 2.208 614 
94 2.373 268 2.27'1 442 2.207 616 
96 2.373 270 2.268 444 2.207 618 
98 2.372 272 2.268 446 2.207 620 
100 2.369 274 2.267 448 2.207 622 
102 2.368 276 2.266 450 2.205 624 
104 2.3ti? 278 2.266 452 2.203 626' 
106 2.364 280 2.266 454 2.203 628 
108 2.363 282 2.265 456 2.202 630 
110 2.361 284 2.264 458 2.202 632 
112 2.358 286 2.261 460 2.202 634 
114 2.358 288 2.262 462 2.202 636 
116 2.356 290 2.261 464 2.199 638 
118 2.354 292 2.26 466 2.199 640 
120 2.354 294 2.259 468 2.199 642 
122 2.352 296 2.258 470 2.197 644 
12-4 2.:35 298 :.i:-.25-7 472 2.197- 646 
126 2.349 300 2.256 474 2.197 648 
128 2.348 302 2.256 476 2.197 650 
130 2.344 304 2.256 478 2.197 652 
132 2_344 306 2.255 480 2.196 654 
134 2.344 308 2.253 482 2.194 656 
136 2.341 310 2.252 484 2.193 658 
138 2.339 312 2.251 486 2.193 660 
140 2.337 314 2.251 488 2.192 662 
142 2.334 316 2.251 490 2.192 664 
144 2.:33-4 3tii :l:.i:SJ 492 2.191 666' 
146 2.333 320 2.249 494 2.19 668 
148 2.332 322 2.248 496 2,19 670 
150 2.33 324 2.247 498 2.19 672 
152 2.329 326 2.246 500 2.189 674 
154 2.329 328 2.246 502 2.188 6/'6 
156 2.326 330 2.246 504 2.188 678 
158 2.324 332 2.246 506 2.188 680 
160 2.324 334 2.245 508 2.188 682 
162 2.324 336 2.242 510 2.188 684 
164 2.321 338 z-.2-43- 512 2.181 686' 
166 2.319 340 2.243 514 2.186 688 
168 2.319 342 2.241 516 2,183 690 
170 2.319 344 2.241 518 2.183 692 
172 2.315 346 2.24 520 2.183 694 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Time ( s) Voltage ( V) Time ( s) 
3308 1.929 3462 
3310 1.929 3464 
3312 1.929 3466 
3314 1.928 3468 
3316 1.927 34?0 
3318 1.927 3472 
3320 1.927 3474 
3322 1.928 3476 
3324 1.927 3478 
3326 1.927 3480 
3328 1.926 3482 
3330 1.925 3484 
3332 1.926 3486 
3334 1.924 3488 
3336 1.925 3490 
3338 1.924 3492 
3340 1.924 3494 
3342 1.924 3496 
3344 1.924 3498 
3346 1.924 3500 
3348 1.924 3502 
3350 J .924 3504 
3352 1.924 3506 
3354 1.924 3508 
3356 1.924 3510 
3358 1.924 3512 
3360 1.924 3514 
3362 1.924 3516 
3364 1.924 3518 
3366 1.924 3520 
3368 1.923 3522 
3370 1.921 3524 
3372 1.921 3526 
3374 1.921 3528 
3376 1.921 3530 
3378 1.922 3532 
3380 1.921 3534 
3382 1.92 3536 
3384 1.921 3538 
3386 1.92 3540 
3388 1.919 3542 
3390 1.92 3544 
3392 1.919 3546 
3394 1.919 3548 
3396 !.919 3550 
3398 1.919 3552 
3400 1.919 3554 
3402 1.919 3556 
3404 1.919 3558 
3406 1.919 3560 
3408 1.919 3562 
3410 1.918 3564 
3412 1.918 3566 
3414 1.918 3568 
3416 1.917 3570 
3418 1.918 3572 
3420 1.918 3574 
3422 1.917 3576 
3424 1.917 3578 
3426 1.915 3580 
3428 1.916 3582 
3430 1.914 3584 
3432 1.914 3586 
3434 1.914 3588 
3436 1.914 3590 
3438 1.914 3592 
3440 1.914 3594 
3442 1.914 3596 
3444 1.914 3598 






























































































































































































Current (A) Tune( s) Current (A) Time ( s) Current (A) Time ( s} CIQTent (A) Time ( s) Ctnrent (A) Time ( s) Current (A) 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Time ( s ) Current ( A ) Time ( s ) Current ( A ) Time ( s ) Current ( A) Time ( s ) Cum:nt ( A) 






































































































































































































































































































































































































































































































































































































































































































Time(s) Cunmt( A) Time(s) Current( A) 
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·-lnasonlc Electric Double Layer Capacitors (Gold Capacitor)/ SG 
eked Coin Type 
,_s_: SG 
eatures 
ndurance : 70 'C 1000 h 
laximum height of 6 mm (H Terminal) 
oHS directive compliant 
ecommended Applications 
!emory back-up for video and audio equipment, 
'imeras, telephones, printers, data terminals, 
~e ccokers and intelligent remote controls 
peel 1cat10ns 
egory Temp. Range 
cimum Operating Voltage 
ninal Cap.Range 
-
-25 'C to +70 'C 
5.5 v.oc 
0.47 Fto 1.5 F 
tracteristics at l-ow Capacitance change I ±30% of initial measured value at +20 'C (-25 'C to +70 'C) 
tperature Internal resistance I ,;5 times of initial measured value at +20 'C (at -25 'C) 
After JOOO _hours application of 5.5 v De at+ 70 'C, the cap,.citor sh!'lll meet the following limits. 
lurance Capacitance change I ±30 % of initial measured value 
Internal resistance ... I~- times oi initial specified value 
If Life After 1000 hours storage at +70'C without load, the capacitor shall meet the specified limits for Endurance. 
imensions in mm(not to scale) 
minai:V Terminai:H 
19.00).3 
i 20.001.5 -~1 '"o.2ffi.lJ5 e 1.lliiU 
tandard Products 
Maximum Capacitance Capacitance Internal Min. Packaging 
>rating Voltage resiStance Q'ty range 
(V.DC) (F) (F) 
0.47 0.376 to 1.41 
5.5 1.0 0.80 to 1.80 
_1.5 1.20 to ?.70_ 
~ase use V or H, to 1nd1cate the term1nal style. 
: Do not .use reflow soldering. (IR, Atmosphere heating methods, etc.} 
e refer to P197 "Mounting Specifications". 
Part number 
(n) at 1kHz 
~ 30 EECS5R5( )474 
"30 EECSSR5( )105 
-.. ---~_30 EECS5f'l5( )155 
and specifications are each subject to change without notice. Ask factory fOr·the curiertt teChnical specifications before purchase and/or use. 
l a safety concern arise regarding this product, please be sure to contact us immediately. 
(pes) 
100 
100 
100 
Jan. 2008 
